Wolof is a Senegambian language of Senegal that displays vowel harmony. The vowel harmony system was previously analyzed by Omar Ka on an autosegmental level. Wolof vowels harmonize based upon the feature [ATR]. Harmonization reaches across morpheme and word boundaries. However, there are both neutral and opaque vowels in Wolof. Neutral vowels do not harmonize, but still allow the harmonization process to continue beyond them. Opaque vowels block harmonization. These features are analyzed using Optimality Theory. Two sets of constraints, agreement constraints and alignment constraints, are generally invoked in cases of vowel harmony. In Wolof, agreement constraints do not give the correct output when considering opaque vowels. Alignment constraints, however, account for normal vowel harmony, neutral vowels, and opaque vowels. Three other constraints are necessary to complete the analysis. The final analysis ranks the following constraints: HI/ATR, IDENTATR » ALIGNR[-ATR] » ALIGNR[+ATR], NOGAP.
Introduction
Wolof is a language of Africa spoken primarily in Senegal and Gambia. It is one of the majority languages in these nations, spoken by 80% of the population, commonly used in trade. Wolof is in the Niger-Congo language family, Atlantic-Congo subgroup. It lies in the Northern branch and is subclassified as Senegambian and Fula-Wolof. There are approximately 3,612,560 speakers of Wolof in Senegal, the Gambia, and other nations where Wolof speakers have emigrated.
The data in this paper is based upon a phonological and morphological analysis of Wolof by Omar Ka (1993) . Ka uses a nonlinear approach to analyze the phonology, focusing specifically on autosegmental phonology. While Ka looks at several aspects of Wolof phonology, this paper will focus on vowel harmony, described through the theoretical framework of Optimality Theory.
Preliminary Vowel Harmony

The Vowel System
The vowel system in Wolof consists of eight vowel phonemes which are distinguished by the features [high] , [low] , [back] , [round] , and [ATR] . The vowel phonemes are listed in Table 1 . Table 2 below. Harmony does not take place solely within the root of the word; instead, it extends to derived words and even across word boundaries. Suffixes in Wolof assimilate to the [ATR] value of the root to which they attach. (3) shows examples of suffixes which alternate depending on the root.
There are two types of vowels in Wolof which affect the harmony process. Certain vowels in Wolof can be either neutral or opaque to the harmony process. Neutral vowels do not harmonize to the [ATR] value of the root, but maintain their own [ATR] value. However, vowels which follow them harmonize with the root across them. Opaque vowels also maintain their own [ATR] value despite the value of the root. Opaque vowels, however, affect the harmony process behind them. All vowels following an opaque vowel harmonize with that vowel rather than with the root. The neutral vowels in Wolof are [i] 
An OT Analysis of Vowel Harmony
Using Optimality Theory, an analysis of Wolof is still best done on the autosegmental level. Those who study vowel harmony in Optimality Theory argue over the use of Alignment constraints (Archangeli 1999; Archangeli & Pulleyblank 2002) , which would be done at the autosegmental level, versus the use of Agreement constraints (Baković 2000; Beckman 1997 ). Beckman argues against alignment in Shona because of the relationship of unparsed feature specifications in the input and the output. Features which do not appear in the output are either underlying in the output or not available in the output, neither of which works in Shona (1997:32) . In Turkana, Baković claims that Alignment does not explain why low vowels are opaque right-to-left, but not left-to-right (2000:198) . In an initial analysis of Wolof, Alignment seems to cover the data most completely, despite these claims. Specific arguments against Alignment must be dealt with another time, though there are other possible analyses of Wolof. An account of Wolof using Span Theory rather than Alignment is given by Michael O'Keefe (2006), while Pulleyblank (1996) gives a very complete Alignment analysis of Wolof.
Two constraints in Wolof are constant despite the use of Alignment or Agreement. The first of these constraints is HI/ATR. The second constraint which is undominated is IDENTATR. Every stem is lexically specified for ATR, and that specification must appear in the output form.
(7) IDENTATR: Every vowel in the input with the value [αATR] must have a corresponding vowel in the output with the value [αATR] . (Kager 1999:275) In order for stems to maintain their ATR value, this faithfulness constraint must be ranked above any other markedness constraint. HI/ATR is a markedness constraint, but the two constraints do not interact. The input of roots with high vowels can either be underspecified or specified as [+high] . In either case the correct output will be derived, as shown in Tableaux (1) and (2). As a result, Hi/ATR and IdentATR are not crucially ranked with respect to one another. In order to allow for transparent vowels, there is a constraint NOGAP, which is ranked low on the constraint hierarchy. With these constraints, both neutral and opaque vowels are accounted for. Tableaux (4) and (5) above are repeated here as (9) and (10) respectively, with the five alignment constraints posited. These constraints allow both types of vowels to surface in their correct output forms. There are several other constraints which could be posited here to account for the autosegmental level of [ATR] . In his analysis of Wolof, Pulleyblank uses MAX, DEP, MAXPATH, and DEPPATH (Pulleyblank 1996:328) . These constraints forbid deleting or inserting values of [ATR] which are not lexically specified. The constraints given in this paper account for the data, but may not be complete. The constraints posited by Pulleyblank will add additional data and account for forms not considered in this paper, creating a more complete analysis. Future considerations would determine the ranking of Pulleyblank's constraints with the ones here posited.
Conclusion
There are five main constraints which control [ATR] 
